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A cukaryotic RNA virus cspcciaUy a picomavirus and most especially a poliovirus. which is inade bici^ronic with respect 
to its RNA function and is able to replicate and to express a foreign polypeptide .n cells infected with the virus. 
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RT CTf^TROWIC VIRUSES 

Rarkaround of the invention 

1 . Field of the invention 

The invention relates to the expression of foreign 

5 polypeptides. 

2. Description of t hp rplated art 

Poliovirus is a single-stranded RNA virus. The positive 
sense genome comprises a 5' non-coding region of about 750 
nucleotides, a single open reading frame and a short 3' non-coding 

10 region followed by a poly-adenlne tail. The open reading frame is 
translated as a single polypeptide which is post-translational 1y 
cleaved by viral encoded proteases into the viral structural and 
non-structural proteins. 

Defective interfering genomes (DIs) of poliovirus arise 

15 during propagation of virus at high multiplicities in tissue 
culture. These genomes retain all essential sequences for 
replication but lack some non-essential sequences. Therefore they 
are not infectious alone but ^ can be propagated by superinfecting 
with helper virus which provides the deleted functions in trans - 

20 It has been noted that the deletions In naturally-occurring DIs 
map to the PI region of the genome which encodes the viral 
structural proteins (Nomoto fit il- , J- Mol . Biol. lEfi. 179-196. 
1979). Artificial DIs can be constructed by deleting regions of 
PI (Haglno-Yamaglshi and Nomoto. J. Virol. £a. 5386-5392, 1989). 

25 It has recently been shown that foreign sequences can replace 
those non-essential regions of PI- In these cases the foreign 
sequences are replicated by the poliovirus polymerase and 
expressed in transfected cells (Choi gl al-. J- Virol. £5, 
2875-2883, 1991). 

30 It is a problem to find some means of expressing polypeptides 

from viruses especially picornaviruses without using a helper 
virus . 

<;ninnia ry of the invention 

The present Invention provides a eukaryotic RNA virus which 
35 is made blclstronic with respect to its RNA function and Is able 
to replicate and to express a foreign polypeptide In cells 
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infected with the virus. The virus, in addition to carrying its 
infectea witn ^^.^^^ 

own genetic information, also carnes a ^^'^'^^J 

^ in a rpll Infected with the virus, me 
indeoendently expressed m a ceii inrei-tc ^ ^ . ^ 

inaepenuK.it jr f . , Hi«r*-<nrt entltv unattached to 

resulting foreign polypeptide is a distinct entity u 
any viral proteins, and would not normally for™ part of the viral 

'"'^^ir invention also includes the' preparation of ^ ^^^^^^^ 
virus by constructing a DNA sequence which corresponds to the 

no.e of the bicistronic RNA virus and obtaining ive vir f 
genome u ,„„,*.^„ftPd It also includes replicating 
the DNA sequence this constructed. l a 



jUclli.C LM I J ^wiw 

th. .^rus eukaryotlc cells infected «th the .Iras and a vaccne 
tne virus, J. producinj a 

based thereon and also the use of the virus 
polypeptide by culturlng infected eulcaryottc cells 

^ — " °' r" d'rr in tii^o:": t 

r:rnd,:r ::r. arftf tt^oLl trans,at,on .Chinery Of 

" ceil Thus, pollovlrus itself ™st e^loy a CAP-independe t 

translation. The ^-acting e,e«nts responsible or 

r. been mapped to the 5' non-coding region between nucleotides 

Ts^ a 620. indeed, insertion of these "^--es .pstrea. of 

\ ™„. ran confer CAP-i "dependent translation of an 
reporter gene can confe ^^^^^^^^^ 

artificially created bRNA laciuauj 

and Sonenberg, Nature 331. 320-325. 1988). 

*^-rt;:::nS^rr^en «re precse. defined by 
25 me sbmuc (1991) and termed the 

Nicholson ££ al.. J- Virology 5886-5894 

"^'n:^" Clation b, an internal r,bos««^.n, 
.chanls.. in which the CAP structure „ J ^ 

30 encepha,o.,oc,rdit,s virus «HCV,. \,,„ 
i«i ififin n989> and in foot and mouth disease virus vm 

: 0 vTrology M. 4625-4631. HaceJaK and Sarnow, Nature 
fJ-;o-,. ;i99n confirm the observations of Pelletier and 

^.r^ -uh respect to 
3= r;j:„rn,::::::>:-"- — 



3i 



wo 93/11250 FCT/GB92/02267 

- 3 - 

site and suggest that other (unspecified) cellular mRNAs might 
also possess one. These papers describe DNA constructs having in 
order (5' to 3') a conventional promoter, a first gene, a stop 
codon, a RLP and a second gene. These bicistronic constructs were 
5 made to demonstrate the Independent expression of the second 
gene. It was not suggested in the above-mentioned papers that 
such constructs have any practical use. They differ from those of 
the present invention in that they do not contain viral genomic 
sequence containing a native viral RLP. nor any downstream native 
10 viral gene and. in particular, are incapable of generating viral 
particles. The present invention thus provides an entirely new 
form of viral vector. 

Palmenberg si 41- . U.S. Patent 4.937.190, disclose a 
recombinant DNA vector comprising a promoter, a RLP from a 
15 cardiovirus and a foreign gene, the RLP being described as an 
enhancer of the translation of RNA obtainable from DNA sequences. 
However, the use of two RLPs and genes and the production of viral 
particles Is not disclosed. 

Many viruses are capable of generating a bicistronic mRNA, In 
20 the sense that two genes are transcribed from a single promoter 
acting on consecutive or overlapping open reading frames. It will 
be appreciated that such viruses are not bicistronic in the sense 
of being able to express a foreign gene and to do so independently 
of the native viral gene. 
25 priPf riPscr1r «-1^n ^^^P drawings 

Figure 1 illustrates a plasmid containing pollovirus cDNA and 
a foreign (reporter) gene, used in the construction of a viral 
cDNA for use in comparative experiments of gene expression; 

Figure 2 Illustrates a plasmid containing pollovirus cDNA 
30 (with its native RLP), a foreign reporter gene, stop codon and 
foreign RLP. for use in the Invention with its corresponding RNA 
transcript (see Example 1); and 

Figure 3 illustrates a rhesus rotaviruses (RRV) cDNA plasmid 
which is used in the construction of a plasmid containing cDNA 
35 corresponding to the RNA genome of a bicistronic virus of the 
Invention (see Example 2). 
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The g.no«e of the bicUtronU virus cc«pnses ,n order (5 to 
3.> a 5. „plicatton-1nl.Ut1.9 sHe. a first riboso.e Undin, pa 
(RLP) operably ""^ed to a first sefi provided w.tt, a 
5 iat,::.- stop codo. and a second RLP, operabiy iinKed o 

tbe codin, sequence for a second gene, one of the sa,d genes be , 
a native. vira,, ,.e and the other' being . ^-"^ 7^;^ 
of expressing the foreign polypeptide, »nd one of the s.,d RLP 
,„g native to the virus and the other foreign. One c.stron 
,0 t^er fore the foreign gene and the other clstron Is -'t,ve ,rar 
gene. He have developed constructs in ^ich the first gene is 
oreign gene and the second is a viral gene and, le 
IdLnt IS described hereinafter in detail, the a, tern. . 
order <in .hich the first gene is native, the second foreig ) 
,5 also possible. In our construct the first RLP Is nat.ve^and 
second foreign, but the reverse order is possible. Tl^ere 
therefore four possible orders of the RLPs and genes ,.e. (1> 



tnererore luui k^^- - - native 

r.;,.r-..".. » r. 

4»,<nMoc The bici Strom c virus 

possibilities. me .^^^^^ 

replication-competent and does not require neip 
9^ heloer cell cultures for propagation. 

" b Virus ™ay be a positive-str«.d m virus a 
; rZ SNA virus or a double-strand RKA virus, 
rrrr virT IsT^ltlve-strand R. virus. :t ^ be^a 
ornavius such as an enterovirus, cardiovirus e.g. ^. 
[ ■ . = FMOV or rhinovirus, an alpha virus, a flavi 
" a o o„a .e virus «ay be a plant virus such as 

a clvirus, cuco«o.irus. br«virus or ^saic virus, especially 

Ts^panicuurly preferred that the ^ virus is a 

1 t^wrxn 9 or tvoe 3 poliovirus or a 

» =r;™.r;;,r:,;Tr»,;'.— ..... 
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be neurovirulent (since a killed [inactive] viral preparation can 
be made). It may therefore be type 1 Sabin. type 1 Mahoney. type 
2 Sabin or type 3 Leon strain, for example. 

A replication-initiating site is located at the 5'-end of the 
5 genome of the bicistronic virus. The genome is therefore provided 
with a polymerase recognition site for the purpose of enabling the 
virus to replicate. Typically the replication-Initiating site Is 
the native such site for the virus. The native viral polymerase 
encoded by the viral coding sequence can therefore initiate 
10 replication at the 5' replication-initiating site. In the case of 
bicistronic pollovlrus. the 5' end of the genome of the virus 
should consist of the native pollovlrus polymerase binding 
sequence at which the pollovlrus RNA-dependent RNA polymerase is 
able to Initiate replication. 
15 The first (RLP) Is provided downstream of the 5' replication 

initiating site. An alternative term for a RLP Is an internal 
ribosome entry site (IRES). The tern, RLP is usually used in 
connection with pollovlrus. The term IRES Is usually used n 
connection with encephalomyocarditU virus (EMCV). The RLP 
20 enables internal Initiation of translation to occur. Translation 
of the foreign gene provided 1n the genome of the bicistronic 
virus can therefore occur In a CAP-lndependent fashion. 

A virus may have Its own RLP In the 5' non-coding region 
(NCR) of the viral genome. Pollovlrus Is an example of a 
25 picornavlrus which has Its own RLP In the NCR of the v ra 
gen^e. In such circumstances, therefore, the native 5 N R o 
the virus or at least the portion of the 5" NCR essential for 
virus viability Is preferably present to provide the 5 
replication Initiating site and the first RLP of the bicistronic 
30 virus It has previously been reported, for example, that the 
sequences in the downstream region of the 5' NCR of the poUovirus 
genome are dispensible for viability in tissue cultures (Iizuka £i 
I 0. Virol, 5354-5363. 1989). A bicistronic poUovirus may 
t;;refore Incorporate In Its genome the native pollovlrus 5 NCR 
35 lacking nucleotides 673 to 743. 
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I„ one e-Dodlnent of th. invention a virus, a bicistronlc 
p,cor Virus, such as a poiiovirus. « therefor, -s^ruc e 
„ ^U. a fore„n ,ene and a foreign RIP are ^ ' 
,„ t,e Viral genome between the 5' «. or at le, 
5 portion thereof essentia, for virus viability or ,ro. , ^d 

rotein-codin, region of the ,eno.«. ^'f-.-Jf^, ,*. 
foreign gene and the foreign RLP can be ,nse ted - t 
non-essentia, region of the V «CR or ^'^^^^'^l^^'J^'^' 
M and the start codon for the viral gene. The first ""^ 
,0 "Cab,, iinKed to the foreign gene, po,,.ept, -n^^^^^ 
by the foreign gene can thus be translated ^be ^LP s 
translational start codon, imedi.tely downstrea. of'*''" 
the foreign gene. Interna, initiation of translation 
, , . that the polypeptide encoded by the 
therefore taKe place so "= ' ^ '^J ,,,, ,„„tronic 
15 foreign gene is c«pressed m cells inrec 

""'"ihe foreign gene .ay encode any polypeptide which ts foreign 

. Thn hiri<:tronic virus can be 

„ ....... "-"•^r;:.:;rrri^ - 

hu^n i^nodeficiency virus V uch as ^ 
h.natftis virus such as hepatitis A, d or 

.„rh as type 2 or type 14. herpes simplex virus (NSV). 
30 rhinovirus ^ ^ " *^ „f,uenza virus. coxsacKie virus. 

the cell surfa e a , ^^^^ ^^^^^^^^^ 

^'^'^^ i ti HIV ,P 20 or ,P160 or KSV glycoprotein D. 
influenza haemaglutimn. Hiv gpi^u « 

35 for example. 
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The bicistronk virus may alternatively be used for the 
expression of proteins, typically eukaryotic proteins, in 
culture. Any useful protein may therefore be encoded by the 
foreign gene, such as physiologically active polypeptide. A 
5 polypeptide of therapeutic use may therefore be produced in 
culture and isolated. The polypeptide may be calcitonin, tissue 
plasminogen activator, a growth factor such as human growth 

hormone. GM-CSF, G-CSF, etc. 

A second RLP Is located downstream of the translational stop 

10 codon of the forming gene. The first and second RLPs must be 
different, to prevent recombination occurring within the genome of 
the blcistronlc virus. A preferred second RLP Is the RLP of (Jang 
Si al. EMCA supra ). A RLP should be selected which enables a 
stable, viable virus to be efficiently produced. We have found 

15 that blcistronlc poliovirus was not efficiently obtained when we 
used, as the second RLP, the 5' untranslated leader derived from 
the cellular message of GRP78 (B1P. Oacejak and Sarnow. Nature 
151. 90-94, 1991). A certain amount of routine experimentation 
may therefore be required to select an appropriate second RLP. 

20 The coding sequence for the native viral proteins is operably 

linked to the second RLP. The coding sequence Is positioned 
immediately downstream of the translation start codon at which 
translation normally commences for the second RLP. The native 
viral proteins can thus be expressed. The coding sequence for the 

25 native viral proteins may then be followed by a 3" NCR. typically 
the native 3' NCR for the virus. 

A blcistronlc RNA virus is prepared by a process comprising: 
a) constructing a DNA sequence which corresponds to the 
genome of the blcistronlc RNA virus; and 

30 b) obtaining live virus from the DNA sequence thus 

constructed. 

A DNA sequence consisting essentially of the various elements 
mentioned above of the genome of the blcistronlc virus is 
therefore assembled in step (a). The elements are ligated 
35 together as appropriate. The size of the sequences which are 
inserted In the native viral genome may need to be restricted to 
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ensure th.t a vUb>e blc.stroaU virus Is obtained. «UbU virus 
„„Kt not b. Obtained .bere the Inserted se,ue«es are too on^ 
for a pollovlrus. for exa«.l.. tbe Inserted sequences should 
generall, not be .ore than 1500 bases, for example bO ™ore than 
5 1200 bases or 1000 bases, long. ^, 
Hhere a blclstrohtc virus is required in which the 5 
replication initiating site and first RLP are provided in the f„™ 
of the native 5' NCR of the virus, a DMA corresponding to the 
,eno™ of the native virus ™a, first be digested to 
,0 5. NCR fro. the remainder of the viral geno«. This can be .,th 
Single restriction enzyme at or upstream of the ,n,t,a ng ATG 
codon for the viral protein-coding sequence or with two 
restriction en.y^es at or near this site. In the latter case a 
s^all part of the =■ non-coding sequence is "^'-^ ' ' 
,5 foreign sequence. Sequences in the last 100 nucleotides of th 5 
; of a poliovirus have been shown to be dispensihle for viru^ 
growth at least in tissue culture, as mentioned above. A DHA 
equence. such as a cD«A sequence, encoding the ore ,n 
^.peptide it is Wished to express and a DNA sequence, aga.n such 
20 ^ a CDNA sequence, including a foreign RLP. then he inserted 
tween the ^ ."d the reminder of the viral geno. . 

lively the foreign sequence could b ted within the 

non-essential region of the 5'-NCR. ,„ culture 

Live virus may be recovered by transfecting cells in culture 
2S with an RHA transcript of the m sequence which has een 
constnicted. Live poliovirus. for exa^Ie. c«. be recovered f o. 

po Tovirus DHA construct in which a foreign gene and a fore ,n 
RLP have been inserted by productia, of a positive sense HA 
ypicaUy using a n propter to direct transcription ^ 

. * ni- .1 1986 Proc. Natl. Acad. Sci. USA fii- 
:Z Z ^"etcte:";. can . appne. to t.sue c.tu.es 
; st^^^^^^ techniques Coch. Current Toptcs MIcroMology an 
r 89 138 1973). After 4 to 6 day incubation, virus 
Immunology fil. 89-138. ly/J^- mlture 
can be recovered from the supernatant of the tissue culture, 
can De recove „hf»ined the virus roust be able to 
-c Tf bicistronic virus is obtainea, xne vnu 
' replicate Analysis of the P-aque size phe^type of t us «y 
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indicate how well the virus does replicate and is also a measure 
of the stability of the genome. A homogeneous plaque size 
indicates a stable genome which is not undergoing recombination 
events . 

5 The bicistronic virus may also be tested for its ability to 

express the desired forming polypeptide. Appropriate host cells 
are infected with the bicistronic virus. The Infected cells are 
cultured. The culture may then be analysed for evidence of the 
presence of the foreign polypeptide. Cytoplasmic extracts from 
10 the cultured cells can be analysed. Analysis techniques 
appropriate for each particular foreign polypeptide are employed. 

The bicistronic virus may be Isolated and purified. The 
virus may be replicated to obtain larger quantities, by infecting 
susceptible cells with the virus and culturing the infected 
15 cells. Since the virus is eukaryotic. i.e. one which normally 
replicates in eukaryotic cells, the host cells are normally 
eukaryotic cells. The virus can then be obtained, and Isolated 
and purified as necessary, from the culture supernatant. Growth, 
assay and purification of the bicistronic virus may be as 
20 described by P- D. Minor In "Virology, a practical approach", 
editor B- W. Mahy. IRL Press, Oxford. GB, 1985. 

The bicistronic viruses can be used In several ways. As 
mentioned above, they can be used as vaccines. For this purpose, 
an attenuated virus or a killed neurovirulent virus may be 
25 employed. The Sabin strains of pollovlrus are established as 
effective vaccines. This coupled with the extensive experience of 
their manufacture and control make them a particularly attractive 
vector for use as a vehicle for the expression of potentially 
important proteins. Since pollovlrus is able to induce a mucosal 
30 as well as a systemic response, the approach may be of 
considerable value for producing vaccines against pathogens which, 
like pollovlrus itself, infect via a mucosal surface. 

The bicistronic virus may therefore be formulated as a 
pharmaceutical or veterinary vaccine composition further 
35 comprising a pharmaceutical ly or veterlnarily acceptable carr er 
or diluent. Any carrier or diluent conventionally used in vaccine 
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preparations »y be employe.. For example, the P"«"''' j'" 
attentuated poHovirus strains are stab.med in a solution of IH 

"'"'me bidstron.c viruses ^, therefore be used to prevent 
5 infections and/or diseases in a h«n or an,.a, TheJ-ruses 

„so be administered for therapeutic, reasons. For eUher purpo . 

they .ay be administered orally, as a nasal spra, or parentera ly 
r'exalple by subcutaneous or intramuscular infection. o 

corresponding to the a^nt administered for a conventional l,ve 
,0 ^^ rus vaccine, such as fro. 10^ to lO^-^TCIDso, ^ 

the vubil.ty and replic.ti.e capacity of the virus and the 
purpose of administering the virus. 

The bicistronic viruses can also be used as » 
,5 producing polypeptides in culture. They ma, 'J-'^ ' 

Lpression vectors for the production of foreign polypeptides 
cu ture cells infected with the biclst^nic virus can be 
d and the foreign polypeptide that is expressed may e 
o a The foreign polypeptide be Isolated and pur,f,e 
ZO Trif -eslred, formulated Into a pharmaceutical,, or 

-rbii^strti-rs r Ucuian, usef. for 

producing foreign prote. in ..aryoti^ 

::r.r-:::r\::.nes.^ — 

,„duce shut-Off of host ^y 

foreign polypeptide encoded b, the blcstronlc 
therefore be obtained. 

a bicistronic virus was the p p3/Leon/37 (Stanway S^ ai. 
ccplete CDNA Of P^^;;-;;^^ ^ ^ "J,'; , pBR322-based vector. 
Archives of Virology fil. 67-68. 198) witri , 
except that the sequences between the ATG 



30 EXAMPLE 1 
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nucleotide 743 and the Smal restriction site at 2766 are derived 
from a clone of Sabin type 3 strain of poliovirus (Westrop it 
Journal of Virology. 63, 1338-1344. 1989) In which the iitl 
restriction site has been destroyed by a silent mutation. In 

5 addition, the Mill site at position 4286 in vector sequences are 
under the transcriptional control of the T7 promoter which has 
been replaced by a MI site. The viral sequences are under the 
transcriptional control of the T7 promoter which has been inserted 
in the i£S2RI site (position 0 of pBR322). The viral sequences 

10 terminate with 30 adenine residues, followed by a unique SHI 
restriction site which is equivalent to that at position 651 of 
pBR322. When linearized with Sill enzyme, this plasmid forms the 
template for transcription of a genome-like RNA by T7 polymerase 
(Van der Werf et al. 1986). and this RNA has an infectivity of 10^ 

15 plaque-forming units (pFU) per ^g when transfected into 
susceptible cells, for example Ohio HeLa cells. 

A derivative of pT7FLC is pT7FLC/REP. In this plasmid, some 
of the viral sequences have been replaced with those encoding the 
gene for the enzyme chloramphenicol acetyl transferase (CAT). 

20 This was achieved by mutating 5' terminal and 3' terminal CAT 
sequences from the vector RSVCAT (Gorman £±41-, Mol. Cell. Biol. 
I, 1044-1051. 1892) to create unique restriction enzyme sites SsH 
and Mtll respectively. The CAT gene was then inserted into 
pTTFLC digested with the same unique enzymes. The structures of 

25 the fusion sites between CAT and poliovirus sequences are shown 
below: 

Met Gly Ala Gin He Thr Gly Tyr SEQ ID NO: 1 
ATG GGA GCT CAA ATC ACT GGA TAT SEQUENCE AT N-TERMINAL 
^ 5 POLIO-CAT FUSION 

30 Gin Gly Gly Arg Thr Ser Arg Asn Leu SEQ ID NO: 2 

CAA GGA GGT GCG ACG TCA GAG AAC CTC SEQUENCE AT C-TERMINAL 
^ 5 CAT-POLIO FUSION 

The Internal ribosome entry (IRES) from encephalomyocardltis 
35 virus (EMCV) was amplified using the polymerase chain reaction 
(PGR) from plasmid pCITE (obtained from Novagen) (Parks fit ii. J- 
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Virol m, 376-384. 1986; Palmenberg .t al- U.S. Patent 4937190) 
with the primers WSB70 and WSB82 whose sequences are shown below 
(in the 5' to 3' sense): 
WSB 70 SEQ ID KO: 3 
5 CCCGGG2ASC IO:CATATTA TCATCGTGTT THCAAAGG 39 

WSB 82 SEQ ID NO: 4 

nCAGTSSJI ffilimiTA AACCmSCG CCCCTCTCCC TCCCCaCa CTAA 54 

,0 Th« SSObp frasnKHt obtained w« cloned into pHFLC on BssHI 

and restriction sites (nucleotides 673 and 743 of po„o,irus 
sequence). The resulting pl.smld. pniRESFLC. produced an RNA 
after n transcription -hlch gave rise to a viable v.rus -> 
wild.t,pe plaque phenotype. Nucleotides 673 to '« <" 

,5 poliovlrus sequence were missing yet the virus was still fully 

'"'"Jlrprlmer was designed such that pHIRESFLC w^ld possess 
„„i,„e restriction sites, CUI ^n. Thus the plasmid can 
act as a cassette for the insertion of foreign sequences flan e 
20 b, these restriction sites. (*e such sequence, that -"ding e 
enzyme chloramphenicol acetyl-transferase (CAT), was amplif. 
„s4 the PCR fro. plasmld pT7FLC/«EP. which Is represented 
Figure 1. with the primers HSB 80 and «SB S. whose sequences are 
shown below (in the 5' to 3' sense): 

25 HSB 80. SEQ ID NO: 5 

nCACT4I£S_4TATG(»SAA AAAAATCACT GGATATA(X 39 

Oil START 

HSB 81 SEQ ID NO: 6 

GTCJMCCSaUSTTACGCACC TCCTTGCtaT T(BTCGC 37 

Th^JtM™ TTA STOP codon at the end of the CAT gene The 
p^odu t a 660 bp fragn^nt. was cloned into pTTIRESF.C on 0.1 a 
Sstll restriction sites. The resulting plasmid. P™F. 

Tl 1„ Figure 2 RNA transcribed from Sidl-llnean.ed 
represented -n Figure t„nsfection into Ohio 

S::rX Z t:.:::::^ - tr-nscnpt -as ,ppro,im.tely 



wo 93/1 1250 



PCT/GB92/02267 



10 



15 



20 



25 



30 



- 13 



10^ pfu per >ig, i-e. the virus 



was as infectious as that from 



PT7FLC, the full length clone. However the plaques derived from 
pT7CIF were small as shown in Table 1 



Table 1 
Virus 
PLC 
CIF 
PLC 
CIF 
CIF 
CIF 



Pi^ q iiP ^126 ^ nf hicistronic viruses 



Source 
T7 RNA 
T7 RNA 

passaged virus 
passage 1 
passage 2 
passage 3 



Plaque diameter (mm) 
4 

1 

3 
2 
2 
2 



The overall length of genomes of virus derived from pT7CIF is 
8.590 nucleotides i.e. 15X longer than wild-type polioviruses. 

Transfection of RNA transcribed from pT7CIF resulted in 
functional CAT enzyme activity, illustrated in Table 2. For 
comparison we show the CAT activity following transfection of a 
poliovirus "REP", derived from a non virus-producing replicon in 
which the CAT gene was inserted in place of some of the sequences 
encoding structural proteins (derived from plasmid pT7FLC/REP): 
(see above). 
Table 2 
RNA/virus 



REP 
REP 
REP 

CIF virus 
CIF virus 
CIF virus 
CIF virus pi 
CIF virus pi 
CIF virus pi 



Time Post - 
infection 
transfection 
3 hours 
6 hours 
9 hours 

3 hours 
6 hours 
9 hours 
3 hours 
6 hours 
9 hours 



CAT 

ac tivit y 



++ 

++++ 



+ 

+++ 
+ 

++ 
+++ 



comparative) 
II •< ) 

ti I' ) 



this invention 



35 



CIF virus p2 



3 hours 



" ) 
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CIF virus p2 
CIF virus p2 

CIF virus p3 
CIF virus p3 
CIF virus p3 
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5 hours 
9 hours 

3 hours 

6 hours 
9 hours 
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Th= observation, that tr.rsf.ctlon of m fro. pT7CIF gave 
Hse to both Viable virus aad CAT enzj« activity sumests that 
^th poHovirus and EHCV RLPs (internal entr, 
initiating translation independently within ' 
there is a STOP codon between the CAT gene and the start of the 

""°;rr:s transfectlon of pTKT. .A was passaged 

three ti.es at high «ltipl.c.ty of Infection <»1> thro.g Mo 
Hela cells. Tbe resulting viruses fron, each passage level w re 

^^„ed in Ohio Heu cells. The P'^'^^ "'"J-J-^Itt 
their size regained constant and smaller than those of «. Id-type 

^"risir^J^e perfor«d on cytoplasmic e.rac. ceU 

cDNA f r^Rhesu^ was amplified by PCR fro,^ 

plas^Is (Obtained fro. Lucia Plore. Institute Super.ore 

Vlale Reglna Elena. Z99, Rce), using pr..ers of the 
sequence shown below (5' to 3' sense): 
DS 06-0067. SEQ ID NO: 7:- 

TTCAGTATCG ATATGGCnC GCTCATnAT AGAC 34 

and DS 05-0058. SEQ ID NO: 8:- 

GTCGACCGCG GTTATCTATG TGATATTATA TTTCTAGC 38 

(<^fO ID NO: 7) Introduces a Oil site imh-wm/ 
one primer (SEO «0 ^^^^^ 

a START codon (ATG> at tne 3 /rracGG) 
other introduces a STOP codon (TTA> and SsiH <CKCGG). 



PCr/GB92/02267 
WO 93/11250 

- 15 - 

Part of the + primer is derived from nucleotides 10-31 of the 
rhesus rotavirus VP4 gene sequence and the part of the -primer 
from the complement of nucleotides 748 to 727. 

The polio virus plasmid pT7CIF (see Example 1) was digested 
5 with QUI and Ss±II to release the CAT gene, which was replaced 
with the VPS PCR product digested with £la I and Si± II to produce 
pT75'VP8 IRES Leon. pT75"VP8 IRES Leon was linearised with Sill 
and T7 transcripts transformed Into Ohio Hela cells as described 
for pT7CIF. This gave rise to a viable virus VPS LEON. 
10 This virus has been passaged twice in Ohio Hela cells and PI 

and P2 checked by immuno precipitation for the expression of VPS 
using a polyclonal and monoclonal antiserum to RRV. Both produced 

negative results. 

However the VPS gene was amplified from progeny virus, using 
15 the primers described above. Indicating the presence of the gene. 
It is believed that the antisera used were defective and the 
immunopreclpitation 1s being repeated. 
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1 A eukaryotic RNA virus which is made blcistronic with respect 
1. A eui^aryuL reni irate and to express a 

to its RNA function and is able to replicate 
foreign polypeptide In cells Infected with the virus. 
5 r A virus according to clal. 1 having Its gen^e provided in 

order C5- to 3-) with ^ 
a first ribosome landing pad CRLP; operauijr 
e J tra„s,at.ona< stop ccdcn a„d . second RLP. f unct o , 
. RLP and operably linked to a second gene, 

independent of ^ ^''J J^,,„, ,ne other .e.n, 

,0 one of s.d ^''"J^' ^^'^^ fo„,,„ polypeptide .nd 

r'r;,r„s accordln, to cU.. a wHere.n t.e first RLP ,s native 

,5 and tne first ,ene is ^I'-^^zZ,^^ tne first RtP is native 

4. A virus according to claim z wneren 

;,nri the second gene is the foreign gene. 

and the 2 3 or 4 which Is a picornavirus. 

5 A virus according to ciaim c. ^ n, o ic of 

I: A virus according to ciai. 5 in which the fore„n RtP 1= of 

20 another P'""-""'^";- ^ 5 ,„ ^,ch the picornavirus 

A virus according to ciaim 3 



7. 

1 
8 



25 



30 



r ' nr^ccordin, to Cai. 7 in -hich the foreign RLP is of 
e„„phaio»,ocard,tis Virus (EHOV)^ ^^^^ ^^^^^ ,^ 

9. A virus according to claim 7 ^^^^^^^^^^ 
present within a first part of the = -« 
for viral growth, and the foreign 9- . 

<.h=4- nrripr Within a second part or tiie 
present m that order wirm non-essential 

4.k« -3' riirection of the nrsx p^t t, 
rr g^:: orttl t. S-end of the S-CR and the 

start codon for cl.i«. in 

TauL, neutralising or non-neutralisin, antibody. 
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- a -vTi™:.r .... 

.M«ov,r«. herpes s,.P e« v m, ^^^^^^^ ^^^^ 

influenza virus, coxsack.e virus, tne 

17 A Virus according to any one of claims i y. 
Hyp^P^rNs caunonln, tissue pUs.,no,en activator, ...n 

'° ::n':irr::;::::-o.a.icistropic»virusas 

Claimed m cut. 1. .Mch process cc^nses: 

(a) constructs, a ONA -Mch corresponds to th R»A of 
■ *r„nlc RHA virus as defined in any one of claims 1-12. and 
„ "'"'ZZZ -e virus fr™ t.e OHA sequence tnus 

;r":%ess for repllcatln, a P.c.stronlc RHA virus as claimed 

of cairns i-i. :--::/r "uur i:: 

susceptible eukaryotic cells with the 

20 infected cells. «„fortPri with a 

,6. A vaccine c^prlslng eukaryotic cells nfe t »1t 
1 ■ tronic RNA virus as claimed In any of claims 1-12 -n -hicn 
rr:;"yPept,de ,s an antigenic Mypeptlde capable of 

virus as clalme - J' '\„, tne desired 

30 desired polypeptide m the said cells 

polypeptide- the desired 

with a pharmaceutically or 
35 diluent. 
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POLIOVIRUS REPLICON 



y/2 



amp 




CAT 



on 



RNA 



5'NCR,i£^ AP1 P2 , P5 3'NCR 



A(n) 



AUG . 



7\ 



in— frame . 
fusion rig. I 



BICISTRONIC POUOyiRUS 



amp 



CAT 




EMCV 
IRES 



EMCV 



5'NCR C^"^ '^^^ PI . P2 , P5 .3'NCR 



RNA: 



m 




1 H 



A(n) 



AUG STOP AUG 



Fig. 2 
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